The accompanying paper (7) reported on the isolation and characterization of a large protective antigen-containing particle or aggregate found in culture supernatant fluid of Erysipelothrix rhusiopathiae. The protective antigen present in these particles was representative of the major protective antigen of E. rhusiopathiae in that it was capable of absorbing all of the protective activity present in anti-whole culture rabbit serum. The particulate material containing the protective antigen was shown to be predominately lipid and protein. The protective activity in these particles was found to be sensitive to trypsin and muramidase but not to lipase, indicating the essentiality of the protein or peptide moiety and the presence of a B-1, 4-glucosidic link in the protective antigen.
Because of the size and nature of these particles, further characterization and purification of the protective antigen were limited. Therefore, to continue our investigation, it was necessary to find a means of putting the material into solution. This report deals with the solubilization of these particles and subsequent studies of the protective antigen itself and of the aggregate in which it occurs. The findings substantiate the preliminary hypotheses that the protective antigen is a lipoprotein and that particles are formed as a result of a spontaneous aggregation of smaller units.
MATERIALS AND METHODS
Many of the methods used in this study have been described in the accompanying publication (7) . Additional procedures are presented below.
Bacterial strains. Strains of E. rhusiopathiae used for cross-protection studies were HC-585 and S-192, known to be of serotypes A and B, respectively. The LD5o values, determined by a method described previously (7) , were found to be 3 to 5 colony-forming units with the former and 50 colony-forming units with the latter strain. Strain AN-4 was used to extend the investigations initially carried out with strain 829-2.
Rabbit immunization. At 3-day intervals, rabbits were immunized with a series of four subcutaneous injections of 1.5 mg of the 144S fraction adsorbed on aluminum hydroxide gel. After 
RESULTS
The antigen-containing particles sedimented from concentrated culture supernatant fluid at 20,000 X g for 180 min were used in these studies. The chemical properties and large size of these particles, which were designated the 20P fraction, were suggestive of a lipoprotein complex. Since enzyme studies with wheat germ lipase indicated that the lipid portion of the protective antigencontaining particle might not be essential for protective activity, the extraction of this lipid was attempted by using the butanol procedure of Morton (3) .
Protection tests with the fractions obtained by butanol extraction showed that all of the protective activity passed into the butanol phase. Attempts to solubilize the 20P fraction were undertaken with various agents which were known to be effective in the solubilization of other lipidcontaining materials. SDS, Triton X-100, Tween 80, and SDC were active in reducing the turbidity of the samples, whereas urea was not. The results of this experiment are presented in Table 1 . SDS and Triton X-100 reduced the turbidity by 50%, whereas SDC and Tween 80 reduced it only 30%. The reaction was complete in 30 min. Sonic treatment, alone or in conjunction with SDS, SDC, or urea, did not decrease the turbidity of the samples to any greater extent. After exposure to the solubilizing agents, the samples were subjected to sequential centrifugation at speeds of 20,000, 81,000, and 127,000 X g for 180 min. The fractions, 20P, 81P, 127P, and 127S, were dialyzed and tested for protective activity. SDS was most effective in solubilizing the protective antigen as indicated by the decrease in turbidity and much greater proportion of protective activity recoverable in the 127S fraction. The sample treated with SDS demonstrated protective activity only in the final 127,000 X g supematant fluid, whereas the protective activity of the other samples remained almost entirely in the 20P fraction as with the control. In addition, it was apparent that the solubilization of the protective antigen by SDS was not detrimental to the antigen, since essentially all of the initial activity remained. Subsequent studies were performed on the SDSsolubilized antigen.
SDS-solubilized material, with the detergent still present, was subjected to centrifugation at speeds as high as 198,000 X g for 180 min in a Spinco model L-HV centrifuge, and none of the protective activity sedimented at these speeds. Thus, it was apparent that the protective antigen was in solution under these conditions. Molecular sieve chromatography was carried out on the supernatant fluid obtained after centrifugation at 144,000 X g for 180 min. The SDScontaining preparation was passed through a column (2 by 40 cm) of Sephadex G-200 equilibrated with 0.05 M Tris buffer (pH 8.0) contamiing 0.5% SDS. The sample was eluted with the same buffer, 3-ml fractions were collected, and the ultraviolet absorption of the fractions at 280 nm was determined. Only one peak, representing the material excluded from the gel, was obtained (Fig. 1) . Protection tests of the pooled fractions composing the peak, and pools of the following fractions, revealed that all of the protective activity resided in the peak. Thus, even in the soluble state in SDS, the protective antigen appeared to be of greater than 200,000 molecularweight.
Although protection tests of the antigen in the presence of SDS indicated that the detergent hindered neither protective activity nor the adjuvant effect of aluminum hydroxide, further studies were conducted by using preparations which had been dialyzed free from the SDS. The concentration of SDS was increased to 0.5% to insure complete solubilization, and the SDSsolubilized antigen remaining in the supernatant fluid after centrifugation at 144,000 X g for 180 min was used. This fraction, free from SDS, was designated the 144S fraction. Analyses of various 20P-144S fractionations showed that approximately 80% of the nondialyzable solids of the 20P fraction were recovered in the 144S fraction. Based on the average of four preparations chosen for analysis, there was no loss of antigenic activity in the solubilization of the 20P fraction, with the PD50 dose of the 144S fraction being 3.7 ,ug.
By using the immunization methods previously described (7) , it was shown that the 144S fraction was capable of inducing the production of protective antibodies in rabbits. Absorption of antiwhole culture serum with the 144S fraction removed all of the passively protecting activity of this antiserum, indicating that the fraction contained the major protective antigen of E. rhusiopathiae.
The ability of 144S to protect against heterologous challenge was investigated by using different serotypes as challenge strains. Mice were immunized under routine conditions with the 144S fraction, but were challenged with the routine challenge strain 2646 or a serotype A (HC-585) or a serotype B (S-192) strain. The results (Table 2) showed that the 144S fraction contained an antigen which produced protective immunity of about the same magnitude against Further study of the physical properties of the -reas trypsin removed all, protective antigen-containing 144S fraction was t 75%, of the protective done by using analytical ultracentrifugation in a Spinco model E ultracentrifuge. The 144S fractudies of the 144S fraction tion, dialyzed against 0.05 M Tris buffer (pH 8.0) S-free antigen was sedi-to remove SDS, was made up to a 0.5% concenian when SDS was present. tration in the same buffer. With the SDS reed that the buffer used as moved, this material was partially reaggregated Z influenced the sedimen-as illustrated in Fig. 2 and had turbidity that was e antigen. When Tris was greater than the original 144S fraction from late, the antigen appeared which it was derived. A portion of this sample ly. To study this variation was removed and SDS was added back to it to a *he protective antigen, a final concentration of 0.5%. This sample deaction in Tris buffer was creased in turbidity as a result of the solubilizing )ns. One was dialyzed for effect of SDS. Both samples were centrifuged phosphate buffer (pH 6.8) simultaneously to compare the sedimentation patyzed in 0.05 M Tris buffer terns in the presence and absence of the solubiliten subjected to sequential zing agent. Photographs of the schlieren patterns ), 81,000, 100,000, 150,000, that were obtained are shown in Fig. 3 . The 80 min in a Spinco model sample without SDS showed two rather broad peaks. The sedimentation coefficient of the major ,en sediments much more peak was estimated to be about 4.3S and that of moved (Fig. 2) . Although the smaller peak was 6.7S. In addition, the ice of SDS the antigen did schlieren pattern indicated the presence of a considerable amount of nonhomogeneous, rapidly sedimenting material. Concentration estimates 'HOSPHATE BUFFER pH 6.8 made from these curves indicated that about 54% of the total material was in the major (4.3S) RIS BUFFER pH 8.6
peak, about 7% was in the smaller (6 nigrosin revealed only one band moving toward the anode. Although other minor components might be present, it is apparent that the major part of the 144S fraction is homogeneous in terms of electrophoretic mobility.
Serological studies of the 144S fraction were carried out by means of the Ouchterlony double diffusion method by using the concentrated culture supernatant fluid, the 20P and the 144S fractions as antigens, and anti-whole culture sera as the source of antibody. To determine the number of antigens specific for E. rhusiopathiae, antisera absorbed with horse serum were also included in the analysis. Protection tests carried out with the horse serum-absorbed anti-whole culture serum indicated that no protective activity was removed in the absorption process.
In testing the concentrated culture supernatant fluid against the antiserum, at least 13 precipitation bands could be detected between the whole antisera and the culture supematant fluid, of which only 5 bands remained after absorption with horse serum. With the 20P fraction, there appeared only a heavy precipitate at the edge of the antigen well nearest to the antiserum well, indicating that the 20P fraction did not readily migrate through the gel. Analysis of the 144S fraction under the same conditions demonstrated the presence of a total of eight antigens in this fraction, of which three remained after absorption with horse serum.
All of the work discussed to this point involved E. rhusiopathiae strain 829-2. To determine whether the same results could be obtained by using another strain, the ultracentrifugation and solubilization techniques were applied to a culture supernatant fluid of strain This strain, known to be of serotype B, has been found in this laboratory to produce similar quantities of protective antigen in its culture supernatant fluids.
As shown in Table 3 , this method of fractionation is reproducible with strain AN-4, indicating that these ultracentrifugation and solubilization characteristics are not unique to the protective antigen of strain 829-2 but can be demonstrated Finally, Table 4 illustrates the yields and relative purification of each step of the fractionation procedure followed in obtaining the 144S fraction from strain 829-2. A comparison of the initial and final PD50 values shows a reduction from 345 to 3.7 ,ug. This represents a 91-fold increase in specific activity with a 31% yield of protective activity.
DISCUSSION
From the results obtained here and in the accompanying report (7) , it is apparent that the protective antigen of E. rhusiopathiae found in culture supernatant fluids exists in a variety of conditions, ranging from material that cannot be sedimented by centrifugation at 198,000 X g for 12 hr to aggregates that sediment at much lower centrifugal speeds. In these studies, the aggregated material was selected for further use in purification because protective antigen activity, existing as a readily sedimented particle, offered a fortuitous way of separating the protective antigen from the wide diversity of soluble horse serum proteins which constituted a major portion of the original medium.
Although these particles could consist of aggregates of smaller units of protective antigen, the possibility of their being cell wall or cell membrane fragments must be considered. The particles obtained in the 20P fraction are not likely to consist of cell wall fragments, since cell wall material of the usual composition ascribed to gram-positive bacteria is not susceptible to dissolution by SDS (4), the detergent found highly effective in solubilizing the 20P fraction in these studies. Although the cited study did not include work on E. rhusiopathiae, it did include tests with Corynebacterium, a closely related genus. Regardless of their relatively high lipid content, it also does not appear that the protective antigen particles consist of cell membrane fragments, since they were not appreciably solubilized by SDC, Triton X-100, or urea, which are all agents known to dissolve cell membrane components (2) .
It is believed that the material in the 20P fraction resulted from the aggregation of the much lighter protective antigen units that were demonstrably present in crude culture supernatant fluids. This study has demonstrated that the material in this fraction becomes soluble in the presence of SDS, reaggregates on removal of SDS by dialysis in either of two buffer systems, and can be resolubilized when SDS is once more added. In addition, the ultracentrifugal studies show that, on resolution with SDS, a 3.5S component appears at the expense of the 4.5S, 6.7S, and larger components. This behavior is similar to that which has been reported for lipoproteins (5) . The conditions in the original culture filtrates that promote spontaneous aggregation have not been defined, but in this study reaggregation was enhanced by the presence of phosphate buffer and a relatively lower pH. Both of these conditions are present in the original culture filtrates. The concept that the spontaneous precipitate is constituted of the same protective antigen that also appears as a small unit in culture filtrates is supported by the finding that, although the 20P fraction represents only about one-quarter of the total protective antigenicity of the whole culture supernatant fluid, it is capable of absorbing virtually all of the passive protective activity from immune serum prepared by immunization of rabbits with whole culture.
The 144S fraction cannot be considered to be pure by immunological criteria since at least eight antigens could be demonstrated in agar diffusion tests against serum prepared with whole culture antigen. Absorption of this serum with horse serum reduced the number of bands to three, indicating that five bands represented traces of horse serum antigens that were not removed from the 20P fraction aggregates by washing. It should be noted that the only method employed for further purification of the 20P aggregate in the preparation of the 144S fraction was ultracentrifugation at 144,000 X g. Although this would remove the major portion of any high density material that might be present, it would not eliminate such materials completely, nor would it remove any traces of other lipoproteins that might have been entrapped in the 20P aggregates.
The results obtained in this study with the 144S fraction tend to extend the findings of our earlier studies (7) concerning the nature of the protective antigen. It exists both in original culture supernatant fluids and in the 144S fraction as material that is not readily sedimented even at high speeds but aggregates to form much heavier units. Analytical ultracentrifugation of the 144S fraction reveals the occurrence of a relatively uniform unit, having a sedimentation coefficient of 3.5S without any indication of the presence of any lighter material. However, this relatively lowdensity unit is excluded by Sephadex G-200, indicating a molecular weight above 200,000. The protective activity partitions from the aqueous phase into butanol and analysis of the 144S fraction have demonstrated major amounts of protein and lipid as well as smaller amounts of carbohydrate. The essentiality of the protein and carbohydrate moeities for full antigenicity has been suggested by the complete removal of protective activity after trypsin treatment and the partial loss of protective activity after muramidase treatment of both the particulate antigen (7) and the 144S fraction. These properties strongly suggest that the protective antigen is a glycopeptide-lipid complex having general properties usually attributed to lipoproteins.
